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WIRELESS POSITION DETECTION
APPARATUS AND STORAGE MEDIUM

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on Japanese Patent Application
No. 2014-102311 filed on May 16, 2014, the disclosures of
which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a wireless position detec-
tion apparatus detecting a position of a moving object using
wireless communication with a reference station and a stor-
age medium storing data used for the wireless position detec-
tion.

BACKGROUND

In a related art, a moving object equipped with a wireless
communication device moves along a road and detects
strength of radio waves transmitted from a base station. The
moving object equipped with a wireless communication
device is also known as a mobile station. The strength of radio
waves detected by the moving object is expressed as a posi-
tioning locus of the moving object. In this related art, a posi-
tion of the moving object is estimated by a map matching. In
the map matching, the positioning locus of the moving object
is compared with a preliminarily prepared coverage map in
order to estimate the position of the moving object.

Specifically, as disclosed in JP 2013-257306 A (corre-
sponding to US 2013/0310067 A1), in the coverage map, an
area or a road having a high similarity with the positioning
locus is extracted. The current position of the mobile station
is specified based on position information of a predetermined
feature point included in the extracted area or in the extracted
road and relative position information indicating a relative
position relation between the feature point and the matching
point. Herein, the matching point corresponds to the current
position of the moving object and also corresponds to the end
point of the positioning locus.

In the related art, in some cases, the feature point does not
exist due to a locational environment of the base station or the
feature points are not arranged at proper intervals. In these
cases, when the position specified on the coverage map gen-
erated based on the detected signal strength is matched with a
position existing on a map including positioning coordinates
for position detection, an accuracy of the position matching
may be degraded.

SUMMARY

In view of the foregoing difficulties, it is an object of the
present disclosure to provide a wireless position detection
apparatus that is able to specify a position of a moving object
at a high accuracy based on a position detection result
detected on a coverage map. It is another object of the present
disclosure to provide a storage medium storing data used for
high-accuracy wireless position detection.

According to a first aspect of the present disclosure, a
position detection apparatus equipped to a moving object
includes a coverage map storing unit, a reception state detec-
tion unit, a distance detection unit, a generation unit, a deter-
mination unit, and a calculation unit. The coverage map stor-
ing unit stores a coverage map correlated to multiple map
object data elements and multiple position information ele-
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ments of auxiliary points. The coverage map is preliminarily
prepared for a road and defining reception states of wireless
signals along the road, and the wireless signals are transmit-
ted from a wireless transmission device. The map object data
elements are prepared for respective predetermined map
objects positioned along the road, and each of the map object
data elements includes one or more sub data elements each of
which indicates a property of the corresponding map object.
The one or more sub data elements include at least one posi-
tion data element that expresses a position of the correspond-
ing map object by a positioning coordinate. The predeter-
mined map objects are correlated to the respective auxiliary
points on the coverage map, and each of the auxiliary points
has the position information element expressed by a relative
coordinate on the coverage map. The reception state detection
unit detects reception states of wireless signals transmitted
from the wireless transmission device in real time. The dis-
tance detection unit successively detects moving distances of
the moving object. The generation unit generates a position-
ing locus that indicates a relation between the moving dis-
tances of the moving object detected by the distance detection
unit and the reception states of the wireless signals detected
by the detection unit in real time correlated to the road trav-
elled by the moving object. The determination unit extracts,
from the coverage map, a portion as a target portion when a
shape of the positioning locus is similar to a shape of the
portion ofthe coverage map, and the determination unit deter-
mines an end point of the target portion as a current position
correspondence point of the moving object. The current posi-
tion correspondence point is a point existing on the coverage
map and being correlated to a current position of the moving
object. The calculation unit specifies, on the road, a target
point corresponding to the current position correspondence
point of the moving object and calculating a positioning coor-
dinate of the target point as a current position information
element of the moving object based on (i) a position informa-
tion element of the current position correspondence point of
the moving object on the coverage map, (ii) the position
information element of the auxiliary point positioned imme-
diately prior to the current position correspondence point on
the coverage map and the position information element of the
auxiliary point positioned immediately posterior to the cur-
rent position correspondence point on the coverage map, and
(iii) the position data element of the map object correspond-
ing to the auxiliary point positioned immediately prior to the
current position correspondence point on the coverage map
and the position data element of the map object correspond-
ing to the auxiliary point positioned immediately posterior to
the current position correspondence point on the coverage
map.

With the above apparatus, a position of the moving object
can be specified at a high accuracy based on a position detec-
tion result detected on a coverage map.

According to a second aspect of the present disclosure, a
non-transitory computer readable tangible storage medium,
which is used for wirelessly detecting a position of a moving
object, includes multiple coverage maps, multiple map object
data elements prepared for respective predetermined map
objects positioned along each of the roads, and multiple posi-
tion information elements of auxiliary points existing on each
of the coverage maps. The coverage maps are preliminarily
prepared for multiple roads and each of the coverage maps
indicates reception states of wireless signals along the corre-
sponding road. The wireless signals are transmitted from a
wireless transmission device. The coverage maps are com-
pared with a positioning locus of the moving object for deter-
mining a current position of the moving object. The moving
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object generates the positioning locus that indicate a relation
between moving distances of the moving object and real time
reception states of wireless signals transmitted from the trans-
mission device. Each of the map object data elements
includes one or more sub data elements each of which indi-
cates a property of the corresponding map object, and the one
or more sub data elements include at least one position data
element that expresses a position of the corresponding map
object by a positioning coordinate. The predetermined map
objects are correlated to the respective auxiliary points on
each of the coverage maps. Each of the auxiliary points has
the position information element expressed by a relative coor-
dinate on the corresponding coverage map. Each of the cov-
erage maps is correlated to the map object data elements and
the position information elements of the auxiliary points.

With the above storage medium, a position of the moving
object can be specified at a high accuracy based on a position
detection result detected on a coverage map.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a diagram showing a configuration of a wireless
position detection system according to an embodiment of the
present disclosure;

FIG. 2 is a block diagram showing a configuration of a
reference station;

FIG. 3 is a block diagram showing a configuration of a
vehicular apparatus;

FIG. 4 is a block diagram showing a configuration of a
management server;

FIG. 5A is a diagram showing a vehicle passing by a
reference station during a travelling, and FIG. 5B is a diagram
showing a coverage map prepared for the road travelled by the
vehicle;

FIG. 6 is a diagram showing information stored in a map
database according to a first embodiment of the present dis-
closure;

FIG. 7 is a diagram showing a relation between coverage
maps and map objects, such as point objects, using an under-
ground parking lot as an example;

FIG. 8 is a flowchart showing a position estimation process
executed by the vehicular apparatus according to the first
embodiment of the present disclosure;

FIG. 9 is a flowchart showing a position detection result
output process executed by the vehicular apparatus according
to the first embodiment of the present disclosure;

FIG. 10A is a diagram showing a method for specifying a
current position of a moving object, and FIG. 10B is a display
example for displaying the position information;

FIG. 11 is a diagram showing information stored in a map
database according to a second embodiment of the present
disclosure;

FIG. 12 is a diagram showing a relation between coverage
maps and map objects, such as point objects;

FIG. 13 is a flowchart showing a position detection result
output process executed by a vehicular apparatus according to
the second embodiment of the present disclosure;

FIG. 14A is a diagram showing a method for specifying a
current position of a moving object, and FIG. 14B is a display
example for displaying the position information;

FIG.15A is adiagram showing a coverage map table stored
in a map database according to a third embodiment of the
present disclosure, and FIG. 15B is a diagram showing a road
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table stored in the map database according to the third
embodiment of the present disclosure;

FIG. 16 is a diagram showing a relation between coverage
maps and map objects, such as road objects and point objects;
and

FIG. 17 is a flowchart showing a position detection result
output process executed by a vehicular apparatus according to
the third embodiment of the present disclosure.

DETAILED DESCRIPTION

The following will describe embodiments of the present
disclosure with reference to accompanying drawings.

(First Embodiment)

As shown in FIG. 1, a wireless position detection system 1
according to the present embodiment includes multiple ref-
erence stations 2, a vehicular apparatus (VH APPA) 3
equipped to a vehicle, and a management server 4. The mul-
tiple reference stations 2 are distributed in an area where radio
wave signals transmitted from positioning detection purpose
satellites, such as radio wave signals from the global posi-
tioning system (GPS) satellites, cannot be received. In FIG. 1,
two reference stations 2A and 2B are illustrated as examples
of'the multiple reference stations 2. The vehicular apparatus 3
detects a position of the vehicle by wirelessly communicating
with the reference stations 2 without using the radio wave
signals transmitted from the positioning detection purpose
satellites. In FIG. 1, three vehicular apparatuses 3A, 3B, 3C
are illustrated as examples of the multiple vehicular appara-
tuses 3. The management server 4 stores and performs a
management to data that are necessary for the wireless posi-
tion detection carried out by the vehicular apparatus 3. The
vehicular apparatus 3 is provided as an example of a wireless
position detection apparatus, and the vehicle is provided as an
example of a moving object.

A part of the reference stations 2 may be configured to
perform data communication with the management server 4
using a wide area wireless communication network NW. The
wide area wireless communication network NW may be pro-
vided by a mobile phone communication network. In the
present embodiment, as an example, the reference station 2B
shown in FIG. 1 may be configured to perform the data
communication with the management server 4 using the wide
area wireless communication network NW. The reference
stations 2 are positioned so that a communication range RA of
one reference station 2A does not overlap with a communi-
cation range RB of another reference station 2B. At the same
time, a distance between a periphery of a communication
range of one reference station 2 and a periphery of a commu-
nication range of another reference station 2 is equal to or
shorter than a threshold distance. Herein, when a vehicle
travels out of a communication range of one reference station
2 but travels still within the threshold distance from the
periphery of the communication range, the position detection
result of the vehicle can be corrected to have a sufficiently
high accuracy by correcting a position detection result
acquired when the vehicle travelled in the communication
range only with the information acquired from the devices
equipped to the vehicle. That is, in this case, since the external
information is not available due to a moving out of the com-
munication range, only the multiple kinds of information
detected by the vehicular devices are used for correcting the
position of the vehicle. As another example, the reference
stations 2 may be positioned so that a communication range of
one reference station 2 overlaps with a communication range
of another reference station 2.
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As shown in FIG. 2, the reference station 2 includes a direct
wireless communication device (DIRECT COMM) 21, a
wide area wireless communication (WIDE AREA COMM)
device 22, and a control unit (CONTROL) 23.

The direct wireless communication device 21 performs a
wireless communication with the vehicular apparatus 3. This
wireless communication is also referred to as a direct wireless
communication.

The wide area wireless communication device 22 performs
the data communication with the management server 4 via the
wide area wireless communication network NW. Some ref-
erence stations 2, such as the reference station 2A shown in
FIG. 1 does not include the wide area wireless communica-
tion device 22. That is, only a part of the reference stations 2
include the wide area wireless communication devices 22. In
the example shown in FIG. 1, among two reference stations
2A and 2B, only the reference station 2B has the wide area
wireless communication device 22 and performs the data
communication with the management server 4, and the ref-
erence station 2A does not have the wide area wireless com-
munication device 22.

The control unit 23 includes a central processing unit
(CPU) 231, aread only memory (ROM) 232, arandom access
memory (RAM) 233. The CPU 231 executes programs stored
in the ROM 232 to provide various kinds of functions.

The CPU 231 executes a beacon transmission process. In
the beacon transmission process, the CPU 231 controls the
direct wireless communication device 21 to transmit radio
wave signals at predetermined time intervals to vehicles
included in the communication range of the direct wireless
communication device 21. The radio wave signals transmit-
ted from the direct wireless communication device 21 are also
referred to as beacon signals, and each beacon signal includes
ID of' the corresponding reference station 2.

In the following example, suppose that the vehicle travels
within the communication range of one reference station 2
along a road included in the communication range.

As shown in FIG. 3, the vehicular apparatus 3 includes a
vehicle speed sensor (VH SPEED SENS) 31, a position
detector (POSI DETC) 32, a direct wireless communication
device (DIRECT COMM) 33, a wide area wireless commu-
nication device (WIDE AREA COMM) 34, and a control unit
(CONTROL) 35.

The vehicle speed sensor 31 detects a speed of a subject
vehicle. Herein, the subject vehicle is a vehicle that is
equipped with the vehicular apparatus 3. The vehicle speed
sensor 31 outputs the detected speed of the vehicle to the
control unit 35.

The position detector 32 includes at least a GPS receiver
that receives radio wave signals from GPS satellites, a dis-
tance sensor that detects a travelling distance of the subject
vehicle based on a rotation speed of a wheel of a vehicle, and
a direction sensor detecting a travelling direction of the
vehicle. The position detector 32 detects a position and a
travelling direction of the subject vehicle based on signals
output from the GPS receiver and the multiple sensors. The
position detector 32 outputs the detected position of the sub-
ject vehicle to the control unit 35.

The direct wireless communication device 33 performs a
direct wireless communication with the reference station 2.
The wide area wireless communication device 34 performs a
data communication with the management server 4 via the
wide area wireless communication network NW.

The control unit 35 includes a CPU 351, a ROM 352, and
a RAM 353. The CPU 351 executes programs stored in the
ROM 352 to provide different kinds of functions to the
vehicular apparatus 3. Specifically, the CPU 351 executes
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position estimation process for estimating a position of the
vehicle, specifically a current position of the vehicle. In the
position estimation process, the CPU 351 estimates the posi-
tion of the vehicle based on wireless position detection.
Herein, the wireless position detection is carried out based on
only information acquired by the direct wireless communi-
cation device 33 and the wide area wireless communication
device 34. That is, the CPU 351 estimates the position of the
vehicle without using any information from the satellites for
position detection purpose. As described above, the direct
wireless communication device 33 acquires various kinds of
information by performing wireless communication with the
reference station 2, and the wide area wireless communica-
tion device 34 acquires various kinds of information by per-
forming wireless communication with the management
server 4 via the wide area wireless communication network
NW.

As shown in FIG. 4, the management server 4 includes a
wide area wireless communication device (WIDE AREA
COMM) 41, a control unit (CONTROL) 42, and a map data-
base (MAP DB) 43.

The wide area wireless communication device 41 performs
data communication with the reference station 2 via the wide
area wireless communication network NW, and also performs
data communication with the vehicular apparatus 3 via the
wide area wireless communication network NW.

The control unit 42 includes a CPU 421, a ROM 422, and
a RAM 423. The CPU 421 executes programs stored in the
ROM 422 to provide different kinds of functions. Specifi-
cally, the CPU 421 executes a coverage map update process
and an information providing process. In the map update
process, the CPU 421 updates a coverage map based on the
information collected by the wide area wireless communica-
tion device 41. The wide area wireless communication device
41 collects the information transmitted from the reference
station 2. In the information providing process, the CPU 421
provides information related to the coverage map in response
to a request from the vehicular apparatus 3. Specifically, the
CPU 421 receives the request from the vehicular apparatus 3
via the wide area wireless communication device 41.

The map database 43 may be provided by a non-volatile
memory, and stores information necessary for the wireless
position detection executed by the vehicular apparatus 3.

Specifically, the map database 43 at least stores (i) map
data related to a map and including multiple map objects
having respective positioning coordinates, (ii) multiple cov-
erage maps prepared for respective roads existing on the map,
and (iii) a coverage map table including various kinds of
information related to the multiple coverage maps. The posi-
tioning coordinates of the multiple map objects are coordi-
nates used for specifying the position of the map objects on
the map, for example, on a navigation map used in a naviga-
tion system. As one example of the positioning coordinate,
three dimensional coordinate defined with reference to a pre-
determined coordinate system may be used. Hereinafter, the
map related to the map data including three dimensional
coordinates of respective map objects is also referred to as a
street map in order to differentiate from the coverage map.
Hereinafter, the coverage map together with the coverage
map table is referred to as coverage map related information.
For example, the map data may be included in the coverage
map related information.

The map data at least includes road data indicating a road
shape and a connection state of the roads and object data
indicating respective predetermined map objects existing on
the street map. The road may also be treated as map object.
The map object may be a point on the street map or a building
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existing on the street map. The object data includes various
kinds of information indicating a property of corresponding
map object. The various kinds of information of the object
data at least includes position information that indicates a
position of corresponding map object. The position informa-
tion is expressed by positioning coordinates PA of the corre-
sponding map object. Herein, the positioning coordinates of
the map object is used for detect a position of the object on the
street map. When the map object on the street map is a
building that has spatial dimensions other than a point, the
position information indicates a position of a representative
point of the building.

As shown in FIG. 5A and FIG. 5B, a coverage map shown
in FIG. 5B is preliminarily prepared for a road passing by a
reference station 2 based on a detection of the beacon signals
transmitted from the reference station. In FIG. 5A, a point
closest to the reference station 2 on the road is also referred to
as origin point O.

The coverage map includes multiple probe levels of the
beacon signals transmitted from the reference station 2, and
the multiple probe levels of the beacon signals are detected at
respective points along the road. A position of each point
along the road is expressed by relative coordinate PB with
reference to the origin point on the coverage map as shown in
FIG. 5B. That is, a relative coordinate of the origin point O on
the coverage map is set as zero (PB=0). The coverage map
includes one or more coverage map loci as shown in FIG. 5B.

In the present embodiment, a received signal strength indi-
cator RSSI is detected as the probe level of the beacon signal
transmitted from the reference station 2. Herein, RSSI indi-
cates strength of the beacon signal, which is transmitted from
the reference station 2 and is received by the vehicular appa-
ratus 3. The coverage map is generated by plotting the mul-
tiple RSSI corresponding to the relative coordinate of each
detection point travelled by the vehicle. Herein, the relative
coordinate PB of each detection point is a distance from the
detection point to the origin point on the coverage map.

Usually, in the coverage map, the probe level, such as RSSI
has a maximum level at the origin point (PB=0). As shown in
FIG. 5B, the probe level generally decreases with an increase
of'the distance from the origin point O to each detection point
alongtheroad. InFIG. 5A and FIG. 5B, two points POSI1 and
POSI2 are illustrated as examples of beacon signal detection
points. In some cases, the probe level does not absolutely
decrease with an increase of the distance from the origin point
Oto the detection point. As shown in FIG. 5B, at the detection
point POSI2, the probe level LV01 has increased compared
with a probe level detected immediately before the detection
point POSI2. This is because, the probe level LV01 detected
at the point POSI 2 is a total RSSI of signal components
reflected on the surface of the building positioned close to the
detection point and signals directly received from the refer-
ence station 2. The signal components reflected on the surface
of the building and the signals directly received from the
reference station 2 are shown by acircle AL00 in FIG. 5A. For
another example, the origin point O may also be set to a point
other than the point having the maximum probe level.

When the road existing on the street map includes multiple
lanes, for example, a first lane in one direction and a second
lane in an opposite direction, the multiple lanes are treated as
separate roads. Thus, the coverage map is prepared for each
road. More specifically, as shown in FIG. 5B, the coverage
map locus LOCUSI is prepared for the first lane of the road,
and the coverage map locus LOCUS2 is prepared for the
second lane of the road, which has a direction opposite to the
first lane of the road. Usually, as shown in FIG. 5B, coverage
map loci corresponding to multiple lanes have similar shapes,
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and the coverage map corresponding to one traffic lane that is
closer to the reference station 2 has relatively higher probe
levels compared with the coverage map loci corresponding to
another lane. The coverage map may also be prepared for a
class of the vehicle. Each coverage map has an identification
symbol (ID) as shown in FIG. 6.

FIG. 6 shows an example of the coverage map table. In
FIG. 6, multiple reference stations having respective identi-
fication symbols (ID) AP1, AP2 are shown as examples. For
the reference station 2 having ID of AP1, multiple coverage
maps including the coverage map M1 are respectively pre-
pared for all of the roads included in the communication range
of the reference station 2 having ID of AP1. The roads
included in the communication range of the reference station
2 are able to receive the beacon signals transmitted from the
reference station 2. Similarly, for the reference station having
1D of AP2, multiple coverage maps including the coverage
map M2 arerespectively prepared for all of the roads included
in the communication range of the reference station 2 having
ID of AP2.

In the coverage map table, for each coverage map having a
predetermined ID, multiple map objects existing along the
road indicated by the ID of the coverage map are stored
related to the coverage map. In FIG. 6, the map objects exist-
ing along the road corresponding to the ID of the coverage
map are correlated to the coverage map. Specifically, the
position information of each map object on the street map and
position information of each map object on the coverage map
are stored related to the corresponding coverage map in the
coverage map table. Herein, the position information of each
map object on the street map is provided by the positioning
coordinates PA on the street map, and the position informa-
tion of each map object on the coverage map is provided by
the relative coordinate PB indicating a distance from the
corresponding map object to the origin point O on the cover-
age map.

For example, as shown in FIG. 7, suppose that a reference
station 2 having ID of AP1 is positioned on a first basement
floor B1F, and a reference station 2 having ID of AP2 is
disposed on a second basement floor B2F. Parking spaces are
provided on both the first basement floor B1F and the second
basement floor B2F. Each of the parking space maps PK1 and
PK2 corresponds to the street map. The parking space map
PK1 includes a road that is able to receive the beacon signals
transmitted from the reference station 2 having 1D of AP1,
and the parking space map PK2 includes a road that is able to
receive the beacon signals transmitted from the reference
station 2 having ID of AP2. The roads in both parking spaces
can be travelled by the vehicle.

The road included in each parking space map may be
divided into multiple segments, and the coverage map may be
provided for each segment of the road. In the example shown
in FIG. 7, the road included in each parking space map has a
square loop shape, and is divided into four segments so that
each segment corresponds to one side of the square loop
shape. The division of road included in the map is not limited
to the above-described example. As another example, the
coverage map may be prepared for one whole road without
dividing the road into multiple segments. The road may also
be divided into two segments, three segments, five segments,
or more segments, and the coverage maps may be prepared
for each segment of the road.

In each segment of the road or in each road, multiple map
objects exist along the road as shown in FIG. 7. The object
data of each map object includes at least the position infor-
mation of each map object. As shown in FIG. 7, a coordinate
system including X axis, Y axis, and Z axis are defined so that
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X axis are parallel to one direction of the square loop shape of
the road, Y axis are perpendicular to the X axis on a plane of
the floor, and Z axis is vertical to the plane of the floor.

As shown in FIG. 7, the position information, that is, the
positioning coordinates of map objects OB1 to OB3 posi-
tioned on the first basement floor B1F have the same Z coor-
dinate, which is equal to Z1. Similarly, the positioning coor-
dinates of map objects OB4 and OB5 positioned on the
second basement floor B2F have the same Z coordinate,
which is equal to Z2. On the first basement floor B1F, the
positioning coordinates of the map objects OB1 to OB3
arranged along one road segment parallel to the X axis have
the same Y coordinate, which is equal to Y1.

The position coordinates of the map objects OB1 to OB3
arranged along one road segment parallel to the X axis have
different X coordinates, which are equal to X1, X2, X3,
respectively. That is, the three dimensional coordinates of
three map objects OB1 to OB3 on the first basement floor B1F
are set as (X3, Y1, Z1), (X2, Y1, Z1), and (X1, Y1, Z1),
respectively. On the corresponding coverage map having 1D
of M1, the map objects OB1 to OB3 have respective relative
coordinates D1, D2, and D3.

On the second basement floor B2F, the positioning coordi-
nates of the map objects OB4 and OBS arranged along one
road segment parallel to the Y axis have the same X coordi-
nate, which is equal to X4. The positioning coordinates of the
map objects OB4 and OBS5 arranged along one road segment
parallel to the Y axis have different Y coordinates, which are
equal to Y2 and Y3, respectively. That is, the three dimen-
sional coordinates of two map objects OB4 and OBS on the
second basement floor B2F are set as (X4, Y2, 72) and (X4,
Y3, 72), respectively. On the corresponding coverage map
having ID of M2, the map objects OB4 and OB5 have respec-
tive relative coordinates E1 and E2.

The following will describe the position estimation process
executed by the CPU 351 of the vehicular apparatus 3 with
reference to FIG. 8. The CPU 351 repeatedly executes the
position estimation process from when the CPU 351 is acti-
vated until when the CPU 351 is deactivated.

When the CPU 351 starts the position estimation process,
the CPU 351 determines whether the wide area wireless com-
munication device 34 is communicably connected with the
management server 4 at S10. When the CPU 351 determines
that the wide area wireless communication device 34 is not
communicably connected with the management server 4
(S810: NO), the CPU 351 proceeds to S40.

When the CPU 351 determines that the wide area wireless
communication device 34 is communicably connected with
the management server 4 (S10: YES), the CPU 351 transmits,
to the management server 4, information related to position-
ing locus that remains unsent at S20. The positioning locus is
generated at S70 based on the beacon signals transmitted
from the corresponding reference station 2, and details of
generation of the positioning locus will be described later.
The CPU 351 further transmits the ID of the corresponding
reference station 2, the class of the subject vehicle, the trav-
elling direction of the subject vehicle, and the current time to
the management server 4 together with the positioning locus.

At S30, the CPU 351 acquires, from the management
server 4, one or more sets of coverage map related informa-
tion of respective one or more reference stations 2. Herein, the
CPU 351 only acquires the coverage map related information
of the reference stations 2, which are positioned around the
road being travelled by the subject vehicle and positioned
from the subject vehicle within a predetermined distance. In
the present embodiment, the predetermined distance is set as
one kilometer. Then, the CPU 351 stores the one or more sets
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of coverage map related information of one or more reference
stations 2 in the RAM 353, and proceeds to S40. The RAM
corresponds to the coverage map storing unit.

At this time, among all sets of the coverage map related
information of the reference stations 2 positioned within the
predetermined distance from the subject vehicle, the vehicu-
lar apparatus 3 acquires one or more sets of the coverage map
related information that are only related to the class of the
subject vehicle and the travelling direction of the subject
vehicle. When the vehicular apparatus 3 have acquired one
coverage map related information of one reference station 2
in the past and the coverage map related information has not
changed compared with the last time, the CPU 351 may
cancel the repeated acquiring of the same coverage map
related information.

At S40, the CPU 351 determines whether beacon signals
are detected by the direct wireless communication device 33.
When the CPU 351 determines that the beacon signals are not
detected (S40: NO), the CPU 351 ends the position estimation
process. When the CPU 351 determines that the beacon sig-
nals are detected (S40: YES), the CPU 351 detects the probe
level of each beacon signal at S50. Herein, the RSSI is
detected as one example of the probe level.

At S60, the CPU 351 calculates a distance travelled by the
subject vehicle from when the beacon signal has been
detected for the first time to the current time.

At S70, the CPU 351 generates the positioning locus LA
that indicates a relation between the detected probe level of
the beacon signal and the travelled distance of the subject
vehicle as shown in FIG. 10A. The positioning locus LA
includes detected probe levels and the travelled distance of
the subject vehicle from when the beacon signal has been
detected for the first time to the current time.

At S80, to all of the coverage maps of the one or more
reference stations 2, which are acquired at S30, the CPU 351
performs a matching process to each coverage map in order to
obtain a similarity between each coverage map with the posi-
tioning locus generated at S70. When performing the match-
ing process, the CPU 351 compares one coverage map, which
is acquired at S30 and corresponds to one reference station 2,
with the positioning locus, which is generated at S70 based on
the beacon signals transmitted from the same reference sta-
tion 2. In the matching process, the CPU 351 moves the
detected positioning locus LA along the coverage map locus
LOCUS in an entire region of the coverage map locus. The
similarity between the prepared coverage map locus and the
detected positioning locus is determined at each detection
point of the coverage map.

At S90, among the multiple similarities corresponding to
multiple points of the coverage map, the CPU 351 determines
whether one similarity is equal to or higher than a threshold
value TH. When the CPU 351 determines that there is no point
that has the similarity equal to or higher than the threshold
value (890: NO), the CPU 351 ends the position estimation
process. At S90, when the CPU 351 determines that there
exists one or more points that has similarities equal to or
higher than the threshold value (S90: YES), the CPU 351
extracts a coverage map when a part of the coverage map
locus LOCUS has a maximum similarity with the positioning
locus LA as shown in FIG. 10A. Then, the CPU 351 sets, on
the coverage map locus LOCUS, a point corresponding to an
end point of the positioning locus LA as an end point END,
and specifies the relative coordinate a of the END point on the
coverage map as shown in FIG. 10A. Since the end point END
of'the coverage map locus corresponds to the current position
of the subject vehicle, the end point is also referred to as a
current position correspondence point.
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At S110, the CPU 351 executes the position detection
result output process based on the relative coordinate a and
the information included in the coverage map table in order to
output the position detection result of the current position of
the vehicle on the map.

The following will describe the position detection result
output process executed by the CPU 351 at S110 of the
position estimation process with reference to FIG. 9, FIG.
10A, and FIG. 10B.

When starting the position detection result output process,
at S210, the CPU 351 extracts a relative coordinate b of an
immediately prior point PR and a relative coordinate ¢ of an
immediately posterior point PT from the coverage map table
extracted at S110 of the position estimation process. The
immediately prior point PR is positioned immediately priorto
the end point END of the coverage map locus LOCUS along
the coverage map locus LOCUS, and the immediately poste-
rior point PT is positioned immediately posterior to the end
point END of the coverage map locus LOCUS along the
coverage map locus LOCUS. The immediately prior point PR
and the immediately posterior point PT on the coverage map,
respectively, correspond to predetermined map objects on the
street map. The immediately prior point PR and the immedi-
ately posterior point PT are also referred to as auxiliary
points, and the relative coordinates b, ¢ of the immediately
prior point PR and the immediately posterior point PT are also
referred to as auxiliary point position information.

At S220, the CPU 351 calculates a correction distance h
based on the following expression (1) and the relative coor-
dinates a, b, c.

_a W
b=

At 5230, the CPU 351 specifies, on the street map MAP1,
the predetermined map objects OBB, OBC, which respec-
tively correspond to the auxiliary points having respective
relative coordinates b and ¢ on the coverage map, as shown in
FIG. 10B. Then, on the street map, along a line that connects
the map object OBB with the map object OBC, the CPU 351
estimates a point distant from the object OBB by the distance
h as the current position VH of the subject vehicle on the street
mayp, and calculates the positioning coordinate of the current
position VH on the street map as the position information of
the subject vehicle. Then, the CPU outputs the calculated
position information of the current position as position detec-
tion result. Then, the CPU 351 ends the position detection
result output process.

The current position information is used for displaying the
current position of the vehicle on the street map, which is
displayed on a display screen.

The following will describe advantages acquired by the
above-described configuration of the present embodiment. In
the wireless position detection system 1, on the coverage
map, a point corresponding to the current position of the
subject vehicle is specified by matching the preliminarily
prepared coverage map with the detected positioning locus of
the vehicle. In the matching, a similarity between the cover-
age map and the positioning locus is determined in order to
specify a coverage map section that has a similarity with the
positioning locus equal to or higher than the threshold value
TH. Then, on the coverage map, the auxiliary points are
specified prior to and posterior to the determined current
position correspondence point that correspond to the current
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position of the subject vehicle. Then, the predetermined map
objects corresponding to the auxiliary points are specified on
the street map.

The current position of the vehicle on the street map is
calculated based on (i) the positional relation between the
current position correspondence point and the auxiliary
points on the coverage map and (ii) the position information
of the auxiliary points, which are defined by the positioning
coordinates.

More specifically, the current position of the vehicle on the
street map is calculated based on (i) position information of
the current position correspondence point of the subject
vehicle on the coverage map, (ii) the position information of
the auxiliary point positioned immediately prior to the current
position correspondence point on the coverage map and the
position information of the auxiliary point positioned imme-
diately posterior to the current position correspondence point
on the coverage map, and (ii1) the position information of the
map object corresponding to the auxiliary point positioned
immediately prior to the current position correspondence
point and the position information of the map object corre-
sponding to the auxiliary point positioned immediately pos-
terior to the current position correspondence point.

With above-described configuration, on the street map, the
current position of the subject vehicle can be calculated with
a high accuracy based on the current position information of
the subject vehicle on the coverage map.

Inthe above wireless position detection system 1, any point
along the road have been travelled by the subject vehicle can
be set as the map object. Thus, the current position of the
subject vehicle can be acquired at a sufficiently high accuracy
regardless of the shape of the coverage map. That is, the
current position of the subject vehicle can be acquired at a
sufficiently high accuracy even when the coverage map does
not have shape feature points.

(Second Embodiment)

The following will describe a second embodiment of the
present disclosure. The following will mainly describe con-
figuration and operation that are different from the first
embodiment.

In the first embodiment, a road between the object OBB
and the object OBC is approximated in order to calculate the
current position information. In the present embodiment, a
road between the object OBB and the object OBC is approxi-
mated based on interpolation information. Herein, the inter-
polation information indicates a shape of the road between
the object OBB and the object OBC.

In the present embodiment, as shown in FIG. 11, the cov-
erage map table includes position information of map objects
on the street map, relative position information of auxiliary
points that exist on the coverage map and correspond to
respective map objects, and interpolation information of the
map objects on the street map. The interpolation information
indicates an actual shape of the road from the corresponding
map object to an immediately adjacent object on the street
map.

In FIG. 11, each of the objects OB11 to OB16 on the street
map MAP2 has position information that is indicated by
respective positioning coordinates P11 to P16. As described
above, three dimensional coordinate may be used as the posi-
tioning coordinate. For simplification purpose, three dimen-
sional coordinate is expressed in a simplified way in the
following description and drawings. The objects OB11 to
OB16 correspond to respective auxiliary points on the cover-
age maps MB1 and MB2. The relative coordinates of the
auxiliary points, which correspond to the objects OB11 to
OB16, are DB1, DB2, DB3, DB4, EB1, and EB2. The objects
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OB11 to OB16 further have respective interpolation informa-
tion. For example, the object OB11 has the interpolation
“LEFT R40” as shown in FIG. 11. Herein, “LEFT R40”
indicates the road shape has a curvature radius of 40 meters,
and the immediately adjacent object is curved in a left direc-
tion with respect to the subject object.

In the coverage map table shown in FIG. 12, two roads [.1
and L2 intersect with each other on the street map MAP2. The
coverage map having ID of MB1 is correlated to the road L1,
and the coverage map having ID of MB2 is correlated to the
road L.2. On the road L1, four objects OB11, OB12, OB13,
OB14 are located in order along the road L1, and the four
objects OB11, OB12, OB13, OB14 have respective map posi-
tion information, respective auxiliary point information, and
respective interpolation information as shown in FIG. 11. On
the road L2, two objects OB15 and OB16 are located in order
along the road [.2, and the two objects OB15 and OB16 have
respective map position information, respective auxiliary
point information, and respective interpolation information
as shown in FIG. 11.

The following will describe a position detection result
output process according to the present embodiment with
reference to FIG. 13, FIG. 14A, and FIG. 14B. Similar to the
first embodiment, the CPU 351 executes the detection result
output process in the present embodiment. Hereinafter,
description of the processes similar to the first embodiment
will be omitted for simplification. As shown in FIG. 13, at
S210 and S220, the CPU 351 executes processes similarto the
first embodiment. Similar to the foregoing embodiment, the
CPU 351 generates the positioning locus LB that indicates a
relation between the detected probe levels of the beacon sig-
nals and the travelled distance of the subject vehicle as shown
in FIG. 14A.

At 8240, the CPU 351 generates a connection section that
connects the object OBB with the object OBC based on the
interpolation information stored in the coverage map table as
shown in FIG. 14B. Herein, the connection section that con-
nects the object OBB with the object OBC is also referred to
as interpolated road.

At S250, the CPU 351 estimates a point distant from the
object OBB by the distance h along the generated connection
section as the current position VH of the subject vehicle.
Then, the CPU 351 calculates the positioning coordinate of
the current position VH of the subject vehicle as the current
position information, and outputs the current position infor-
mation as the position detection result indicating the current
position of the subject vehicle.

As described above, in the present embodiment, the current
position of the subject vehicle is calculated with consider-
ation of the road shape between the two adjacent objects OBB
and OBC. Herein, the road shape is estimated based on the
interpolation information stored in the coverage map table.
This configuration may further improve the detection accu-
racy of the current position of the subject vehicle.

(Third Embodiment)

The following will describe a third embodiment of the
present disclosure. The following will mainly describe con-
figuration and operation that are different from the second
embodiment. In the present embodiment, the information
stored in the map database and the position detection result
output process are different from the second embodiment.

In the present embodiment, the map database 43 includes
the map data, the coverage map, the coverage map table, and
road table. The map data and the coverage map are similar to
the foregoing embodiments, and detailed description will be
omitted.
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As shown in coverage map table of FIG. 15A, for each
reference station 2, coverage maps are, respectively, prepared
for all of the roads that are able to receive the beacon signals
from the corresponding reference station 2. In FIG. 15A, the
reference station having ID of AP1 is illustrated as an
example. In this example, coverage maps having IDs of MB1,
MB32 are prepared for respective roads [.1, [.2 that are able to
receive the beacon signals from the reference station 2 having
ID of AP1. The coverage map MBI is correlated to the cor-
responding road object L1 and the corresponding reference
point position information S1, and the coverage map MB2 is
correlated to the corresponding road object 1.2 and the corre-
sponding reference point position information S2. Herein, the
road object is treated as one kind of map object, and has object
data including various kinds of information that indicate vari-
ous properties of the road indicated by the ID of the corre-
sponding coverage map. The reference point position infor-
mation is position information of a reference point (REF
POINT) of the map coverage locus on the coverage map, and
the map coverage locus on the coverage map corresponds to
the road object on the street map. In the present embodiment,
a predetermined start point of the map coverage locus on the
coverage map is set as the reference point, and the reference
point has the reference point position information S1, S2,
which is expressed by the relative coordinate. The predeter-
mined start point of the map coverage locus is also referred to
as a start correspondence point.

As shown in FIG. 15B, each road object corresponds to one
or more representative points that are located along the road
object. Herein, the representative objects are point objects. As
shown in FIG. 15B, the position information related to each
representative point includes positioning coordinate PA of
corresponding point object, auxiliary point position informa-
tion expressed by the relative coordinate PB, and the interpo-
lation information (INTERPOLATE INFO). As described
above, the object data of corresponding point object includes
various kinds of information that indicate properties of the
representative point. Specifically, in the present embodiment,
the object data of the point object at least includes the position
information of the point object. The auxiliary point position
information indicates the relative position information of the
auxiliary point on the coverage map with respect to the ref-
erence point of the coverage map locus. Herein, the auxiliary
points are generated by reflecting the representative point
objects OB11 to OB16 of the street map, respectively, on the
coverage map.

For example, as shown in FIG. 16, the relative coordinate
PB of the reference point of the coverage map locus on the
coverage map MB1 is defined as S1, and the relative coordi-
nate PB of the reference point of the coverage map locus on
the coverage map MB2 is defined as S2. In this example, the
reference point is set as the start point of the map coverage
locus on the coverage map.

The relative coordinate of the auxiliary point of the cover-
age map locus on the coverage map is set with respect to the
reference point. The auxiliary points on the coverage map
MBI correspond to the representative point objects OB11 to
OB14 on the street map, and the auxiliary points on the
coverage map MB2 correspond to the representative point
objects OB15 and OB16 on the street map. On the coverage
map MBI, the auxiliary points corresponding to the repre-
sentative point objects OB11 to OB14 have respective relative
coordinates of DB1 to DB4. On the coverage map MB2, the
auxiliary points corresponding to the representative point
objects OB15 and OB16 have respective relative coordinates
of EB1 and EB2.
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In the road table shown in FIG. 15B, the relative position
information of the auxiliary point is indicated by a difference
obtained by subtracting the relative position information of
the reference point from the relative position information of
the corresponding auxiliary point. Specifically, the relative
coordinates SD1, SD2, SD3, SD4, SE1, SE2 of the auxiliary
points are, respectively, indicated by differences obtained by
subtracting the corresponding relative coordinate S1, S2 of
the reference point from each relative coordinate DB1, DB2,
DB3,DB4, EB1, EB2 of the corresponding auxiliary point on
the coverage map. As described above, in the present embodi-
ment, the expression of the position information of the aux-
iliary points, which correspond to the respective representa-
tive points of the road on the street map, are different from the
foregoing embodiments.

The following will describe a position detection result
output process according to the present embodiment with
reference to FIG. 17. Similar to the foregoing embodiments,
the CPU 351 executes the position detection result output
process.

As shown in FIG. 17, when the process starts, at S212, the
CPU 351 acquires the road object and the position informa-
tion of the reference point of the road object from the cover-
age map table corresponding to the coverage map extracted at
S100.

AtS214, the CPU 351 refers to the road table shown in FIG.
15B and extracts a relative coordinate b of an auxiliary point
positioned immediately prior to the current position of the
subject vehicle and a relative coordinate ¢ of an auxiliary
point positioned immediately posterior to the current position
of the subject vehicle from the coverage map table corre-
sponding to the coverage map extracted at S100. Herein, the
auxiliary point positioned immediately prior to the current
position and the auxiliary point positioned immediately pos-
terior to the current position are correlated to the road object
specified at S212. In the present embodiment, each relative
coordinate b, ¢ is obtained by adding the relative coordinate of
the reference point of the coverage map locus to the corre-
sponding relative coordinate of the auxiliary point obtained
from the road table.

Processes executed at S220, S240, and S250 are similar to
the foregoing embodiments, and detailed description will be
omitted for simplification.

In the present embodiment, although the configuration of
the map database 43 and the expression of position informa-
tion of the auxiliary point with respective to the reference
point are different from the foregoing embodiments, the con-
figuration of the present embodiment can provide advantages
similar to the foregoing embodiments.

In the foregoing embodiments, the RAM 353 corresponds
to the coverage map storing unit, a process executed by the
CPU 351 at S50 corresponds to a reception state detection
unit, a process executed by the CPU 351 at S60 corresponds
to a distance detection unit, a process executed by the CPU
351 at S70 corresponds to a generation unit, a process
executed by the CPU 351 at S100 corresponds to a determi-
nation unit, and a process executed by the CPU 351 at S110
corresponds to a calculation unit. The reference station 2
corresponds to a wireless transmission device, and the vehicle
corresponds to a moving object.

The present disclosure may be applied to a wireless posi-
tion detection system, a program product stored in a non-
transitory computer readable tangible storage medium and
including instructions for wirelessly detection a position of a
moving object, a database for the wireless position detection
or the like.
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(Other Embodiments)

Each component of the present disclosure is merely a con-
ceptual example, and is not limited to the above examples. For
example, one component, which has multiple functions, may
be divided to multiple components according to the functions.
For another example, multiple components having respective
functions may be integrated into one component having the
multiple functions. As another example, at least a portion of
the configuration ofthe present disclosure may bereplaced by
a well-known configuration having a similar function. As
another example, at least a portion of the configuration of one
embodiment may be added to or replaced with a configuration
of another embodiment under a condition that the configura-
tion obtained by the addition or replacement is operable.

In the appended claims, information and data are referred
to as information element and data element, respectively, in
order to clearly express multiple number of data or informa-
tion.

While only the selected exemplary embodiments have
been chosen to illustrate the present disclosure, it will be
apparent to those skilled in the art from this disclosure that
various changes and modifications can be made therein with-
out departing from the scope of the disclosure as defined in
the appended claims. Furthermore, the foregoing description
of the exemplary embodiments according to the present dis-
closure is provided for illustration only, and not for the pur-
pose of limiting the disclosure as defined by the appended
claims and their equivalents.

What is claimed is:

1. A wireless position detection apparatus equipped to a
moving object, the apparatus comprising:

a coverage map storing unit storing a coverage map corre-
lated to a plurality of map object data elements and a
plurality of position information elements of auxiliary
points, the coverage map being preliminarily prepared
for a road and indicating reception states of wireless
signals along the road, the wireless signals being trans-
mitted from a wireless transmission device, the map
object data elements being prepared for respective pre-
determined map objects positioned along the road, each
of the map object data elements including one or more
sub data elements each of which indicates a property of
the corresponding map object, the one or more sub data
elements including at least one position data element
that expresses a position of the corresponding map
object by a positioning coordinate, the predetermined
map objects being correlated to the respective auxiliary
points on the coverage map, each of the auxiliary points
having the position information element expressed by a
relative coordinate on the coverage map;

areception state detection unit detecting reception states of
wireless signals transmitted from the wireless transmis-
sion device in real time;

a distance detection unit successively detecting moving
distances of the moving object;

a generation unit generating a positioning locus that indi-
cates a relation between the moving distances of the
moving object detected by the distance detection unit
and the reception states of the wireless signals detected
by the detection unit in real time correlated to the road
travelled by the moving object;

a determination unit extracting, from the coverage map, a
portion as a target portion when a shape of the position-
ing locus is similar to a shape of the portion of the
coverage map, and the determination unit determining
an end point of the target portion as a current position
correspondence point of the moving object, the current
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position correspondence point is a point existing on the
coverage map and being correlated to a current position
of the moving object; and
a calculation unit specifying, on the road, a target point
corresponding to the current position correspondence
point of the moving object and calculating a positioning
coordinate of the target point as a current position infor-
mation element of the moving object based on (i) a
position information element of the current position cor-
respondence point of the moving object on the coverage
map, (ii) the position information element of the auxil-
iary point positioned immediately prior to the current
position correspondence point on the coverage map and
the position information element of the auxiliary point
positioned immediately posterior to the current position
correspondence point on the coverage map, and (iii) the
position data element of the map object corresponding to
the auxiliary point positioned immediately prior to the
current position correspondence point on the coverage
map and the position data element of the map object
corresponding to the auxiliary point positioned imme-
diately posterior to the current position correspondence
point on the coverage map.
2. The wireless position detection apparatus according to
claim 1, wherein
the coverage map storing unit further stores a plurality of
interpolation information elements each of which defin-
ing a shape of a road segment between adjacent two of
the map objects along the road, and
the calculation unit specifies the target point on the road
that is interpolated based on the interpolation informa-
tion elements, and calculates the positioning coordinate
of'the target point.
3. The wireless position detection apparatus according to
claim 1, wherein
the map objects include a road object that indicates the road
travelled by the moving object and a point object that
indicates a point positioned along the road,
the auxiliary point correlated to the road object has the
position information element provided by a position
information element of a start correspondence point, and
the start correspondence point is a point existing on the
coverage map and is correlated to a predetermined start
point of the road, and
the auxiliary point correlated to the point object has the
position information element expressed relative to the
start correspondence point on the coverage map.
4. A non-transitory computer readable tangible storage
medium used for wirelessly detecting a position of a moving
object, the storage medium comprising:
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a plurality of coverage maps, the coverage maps being
preliminarily prepared for a plurality of roads and each
ofthe coverage maps indicating reception states of wire-
less signals along the corresponding road, the wireless
signals being transmitted from a wireless transmission
device, the coverage maps being compared with a posi-
tioning locus of the moving object for determining a
current position of the moving object, the moving object
generating the positioning locus that indicate a relation
between moving distances of the moving object and real
time reception states of wireless signals transmitted
from the transmission device;

aplurality of map object data elements prepared for respec-
tive predetermined map objects positioned along each of
the roads, each of the map object data elements includ-
ing one or more sub data elements each of which indi-
cates a property of the corresponding map object, and
the one or more sub data elements including at least one
position data element that expresses a position of the
corresponding map object by a positioning coordinate;
and

a plurality of position information elements of auxiliary
points existing on each of the coverage maps, the prede-
termined map objects being correlated to the respective
auxiliary points on each of the coverage maps, each of
the auxiliary points having the position information ele-
ment expressed by a relative coordinate on the corre-
sponding coverage map, wherein each of the coverage
maps is correlated to the map object data elements and
the position information elements of the auxiliary
points.

5. The storage medium according to claim 4, further com-

prising

a plurality of interpolation information elements each of
which defining a shape of a road segment between adja-
cent two of the map objects along the road.

6. The storage medium according to claim 4, wherein

the map objects include a road object that indicates the road
travelled by the moving object and a point object that
indicates a point positioned along the road,

the auxiliary point correlated to the road object has the
position information element provided by a position
information element of a start correspondence point, and
the start correspondence point is a point existing on the
coverage map and is correlated to a predetermined start
point of the road, and

the auxiliary point correlated to the point object has the
position information element expressed relative to the
start correspondence point on the coverage map.
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